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 In a variety of seismic strengthening methods for concrete structures, the Steel Plate 
Lining method is widely used to existing concrete bridge piers or columns. In this 
method, the properties of grouting materials have to be carefully controlled to fill the 
narrow gap between the steel plate and the structure. Otherwise, the sufficient filling 
with grouting materials derives suitable stress transfer from existing structure to 
attached reinforcement. Among the properties of grouting materials, the flow properties 
and segregation-resistance are the most important properties to control the filling 
process. In this study, mortar was chosen as a grouting material and used several 
different tests including flow test to measure the mortar properties. Therefore, different 
contents of chemical admixtures (viscosity modifying admixtures (VMAS) & high range 
water reducing agent (HRWR)) were used to find the appropriate mixture. The 
processes of tests were computed by using “moving particle semi-implicit” (MPS) 
method to understand the dynamics quantitatively. The purpose of this study is not only 
to understand flow behavior of grout mortar after simulation by MPS method, but also 
determined the scope of viscosity value and yield value, as well as determine the 
amount of admixture. 
Chapter 1 introduced the background, major research solution approach, the 
significance of the research as well as the construction of this study. 
Chapter 2 arranged and discussed the related research all over the world on 
properties and effect factors of Self-Compacting Concrete, rheological properties of 
grouts determined by different techniques and numerical analysis to understand the 
dynamics quantitatively. 
Chapter 3 researched the effects of rheological constants on flow properties for grout 
mortar. At same condition that room temperature is 20℃, by change the addition 
amount of VMAS & HRWR, several different mix proportions of grout mortar were 
produced and three different tests (viscosity test, flow test, J funnel test) were 
conducted with different rheological properties. B type rotational viscometer apparatus 
with H4 rotor was used to test viscosity value and yield value of the grout mortar. The 
JP and J14 funnel tests were performed according to JSCE (Japan Society of Civil 
Engineers)-F 541, and JSCE-F 543, respectively. By recording the flow-down time from 
the funnel to determine the flow properties of grout mortar. Based on JASS (Japanese 
Architectural Standard Specification) 15M-103/JHS (Japan Highway Public 
Corporation standard) 313-1999 flow test was done to prove the flow shape and flow 
property of grout mortar. The upper limit was 0.45% of VMAS and the amount of HRWR 
ranged from 0.7% to 5.0%. Plastic viscosity value was between 2500-5000 mPa•s, yield 
value between 25.5-30.5Pa, the flow properties of grout mortar was appropriate. 
Chapter 4 researched the effects of rheological constants on filling properties for grout 
mortar. Three tests (double cylinder system test, New-filling test, 
segregation-resistance test) were conducted in this chapter to demonstrate the mortar 
filling performance. The double cylinder system test (width 2mm, 3mm and 5mm) was 
used for calculate filling rate. Then the relationship between the filling rate and the 
plastic viscosity was confirmed. Therefore, to obtain the flow value reaching to 250(±5%) 
mm as well as the filling ratio of more than 90%, the appropriate flow property (plastic 
viscosity ranging between 2500-3600mPa•s) was obtained in the cases of VMAS content 
from 0.01-0.15% and HRWR content from 0.7-1.2% in this study. In addition, the friction 
between the grout mortar and the wall surface is caused by the resistance of the 
aggregate to the shearing direction, which lead to blockage or pre-flow. New-filling test 
(width 5mm, length 220mm) was used to understand the flow behavior of grout mortar 
flow into narrow gap. During the filling process, separation of material was occurs, 
which seriously affected the filling properties of grout mortar. Also the method of 
material segregation-resistance test was proposed. Lastly, not only the range of 
viscosity value and the amount of admixture was determined, but also the flow behavior 
and filling behavior of grout mortar were found.  
Chapter 5 analyzed flow properties and the filling performance with MPS method. 
Originally, only the viscous term was considered of Bingham body. The computed 
mortar dynamics were also compared with the experimental result and found to agree 
well both for the high and low viscosity cases (2500-3600mPa•s). However, the present 
numerical simulation could not reflect the property of segregate. Therefore, material 
segregation resistance factors was considered with MPS method in this study. Two 
material segregation models (proposed by Uehara and proposed in this study) and the 
MPS method were combined, then two examples of numerical analysis by MPS method 
on segregation of paste and aggregate were discussed and verified model’s validity. 
Analytical results were tallies with test results, numerical accuracy of the model was 
improved. Lastly, versatile analytical method such as viscous term and segregation 
model have been proposed.  
Chapter 6 summarized the research results and overall conclusions of each chapter. 
